It has been suggested that the disease course of rheumatoid arthritis (RA) is becoming less severe 1, 2, 3, 4 . Indicators of severity include levels of functional disability, disease activity, and joint damage. Changes in the severity of RA over time have been investigated in studies examining longer-term outcomes for patients 5, 6, 7, 8, 9, 10 . The majority of such studies have reported a decline in the longer-term severity of RA in patients seen in more recent years. Explanations for this decline include earlier diagnosis of RA, the increased and earlier use of disease-modifying antirheumatic drugs (DMARD), more aggressive treatment strategies earlier in the disease course 6, 7, 8, 10 , and a secular
Rheumatology
The Journal of on May 25, 2017 -Published by www.jrheum.org Downloaded from decline in the disease burden of RA 9 . It is now widely accepted that patients should start DMARD as soon as possible and preferably within the first 12 weeks of the disease 11, 12 . There has therefore been a decline in the time between a patient's first visit to a rheumatology clinic and the initiation of DMARD treatment 13, 14 . However, it is also possible that there has been a change in the natural history of the disease 15 .
It is important for healthcare planners to be informed if the disease burden of RA has declined; the information can help to identify the proportion of patients requiring health services in the future 16 . Studies comparing patients presenting with RA in more recent decades have reported mixed findings. An early UK study that included both new and existing patients with RA attending a rheumatology clinic between 1970 and 1980 reported that the severity of RA as measured by seropositivity, erosions, and nodules had lessened over time 17 . More recently, a Finnish study compared patients diagnosed with RA and DMARD-naive who entered 1 of 3 treatment or outcome studies initiated in 1983-1985 (symptom duration < 24 mos), [1988] [1989] (symptom duration < 12 mos), or 1995-96 (symptom duration < 24 mos). Baseline erythrocyte sedimentation rate, C-reactive protein (CRP), and duration of morning stiffness decreased significantly over time, whereas swollen joint count, pain score, and Larsen radiographic damage score remained similar 8 . A longitudinal observational study in the United States examined the severity of RA over time in 418 patients with early disease across 3 inception cohorts with disease onset in the 1970s, 1980s, and 1990s. Patients in the more recent decades had fewer tender joints, shorter symptom duration, and were older, but reported higher levels of pain 18 . Conflicting findings were reported in a study in the Netherlands 19 . The authors grouped 525 patients into 4 cohorts depending on the date of inclusion to the study (1985-1990, 1990-1995, 1995-2000, 2000-2005) . All patients had a symptom duration of < 12 months and no prior use of DMARD. Lower levels of disease activity but higher levels of functional disability were observed at baseline in the most recently recruited cohort. A more recent study from the Nijmegen RA cohort reported decreased disease activity, decreased levels of functional disability, and fewer orthopedic surgeries in patients recruited over a 20-year period 20 .
Overall, the evidence on whether baseline disease severity has decreased over time is inconclusive. Most of the studies that have compared patients in earlier and more recent decades at presentation have used hospital or clinic-based populations 9, 18 with established disease 19 , and/or have included small samples of patients 8, 18, 19 . To determine whether patients with RA are presenting with milder disease, it may be more informative to focus on a larger sample of patients presenting early in the disease course and before any treatment has started. Further, the American College of Rheumatology/European League Against Rheumatism (ACR/EULAR) 2010 RA criteria have been shown to identify a greater proportion of patients as having RA when they first present 21, 22 . It may therefore be beneficial to apply these criteria retrospectively when assessing the severity of RA over time.
The main aims of our study were to examine the pattern of disease severity in (1) patients who met the ACR/EULAR 2010 RA criteria at presentation to the Norfolk Arthritis Register (NOAR) over 20 years, (2) all patients with inflammatory polyarthritis (IP) in the NOAR registry (total NOAR population), (3) all patients with IP who were referred to NOAR by their general practitioners (GP), and (4) all patients with IP who were DMARD-naive at baseline.
MATERIALS AND METHODS
NOAR is a primary care-based inception cohort of patients with recentonset IP, registered with a GP in the former Norwich Health Authority, UK. A detailed description of this register has been published 11 . Since 1990, consecutive cases of IP have been reported to NOAR through GP or attendance at hospital rheumatology clinics. The notification criteria are adults over the age of 16 years at symptom onset, and swelling of at least 2 joints that has lasted for at least 4 weeks. Patients are excluded who are later diagnosed with a condition other than undifferentiated IP, RA, or psoriatic arthritis.
At presentation to NOAR, patients are assessed by a research nurse using a structured interview and a clinical examination. This assessment generally occurs within 1 month of referral. Information collected includes the date of symptom onset, 51-joint swollen and tender joint count, and presence of rheumatoid nodules on examination. The British version of the Health Assessment Questionnaire (HAQ) is completed by the patient 23 . Blood is collected, separated, and then stored at -20°C and subsequently tested for rheumatoid factor (RF; by latex method, positive at a titer of ≥ 1:40), anticyclic citrullinated peptide antibody (anti-CCP; by Axis-Shield Diastat kit, positive at ≥ 5 units/ml), and CRP (by endpoint immunoturbidimetric agglutination method, in mg/l). The 3-component 28-joint Disease Activity Score (DAS28) is calculated using the CRP level 24 . Information on DMARD and steroid treatment is also collected. In NOAR, the ACR/EULAR 2010 criteria 25 for RA can be applied retrospectively to all patients. In the current study these latter criteria were applied regardless of whether the patient had been prescribed DMARD prior to the baseline assessment. Height and weight has been measured since the year 2000, enabling body mass index (BMI) to be calculated (kg/m 2 ) in patients recruited since 2000.
Patients with a symptom duration of less than 2 years at baseline were included in the present study. While the inclusion criteria for NOAR have not changed over time, the recruitment policy has changed with respect to the number of GP from whom direct referrals are accepted, with fewer GP practices recruiting in more recent years. In addition, more patients are referred by the rheumatologist, suggesting that patients are seen earlier by rheumatologists now compared to 15 years ago. For this reason, the subpopulation of patients with IP referred to NOAR by their GP was analyzed.
Within the current study, consecutively recruited patients were grouped into 4 cohorts depending on the NOAR recruitment phase, enabling a comparison in baseline demographic and disease characteristics over 20 years (Cohort 1: 1990 (Cohort 1: -1994 Statistical analyses. Baseline differences in demographic and disease characteristics over time were analyzed using ANOVA for normally distributed continuous variables, Kruskal-Wallis test for non-normally distributed continuous variables, and the chi-square for categorical variables (p < 0.05 were considered statistically significant). The associations between the baseline characteristics, the calendar year of presentation to NOAR, and HAQ and DAS28 scores were examined using a series of regression models. Either baseline HAQ scores or baseline DAS28 scores were included as the dependent variable, and the calendar year of presentation to NOAR as the independent variable. All assumptions were explored prior to the regression analyses. A linear regression model was conducted if the dependent variable was normally distributed, and a median regression model was conducted if the distribution of dependent variable was non-normal. A quadratic term for calendar year was included in the model if the association between the dependent variable and calendar year was curvilinear. Confounders were selected based on the existing literature and the results of the univariate analysis and included sex, RF and/or anti-CCP positivity, and age at symptom onset. If the calendar year of presentation to NOAR emerged as a significant predictor within the regression models, the variable "Cohort" was added to the regression model as a categorical variable (Cohort 1 to 4) to examine whether there was a significant difference between each cohort in the outcome variable. A "Calendar year by Cohort" interaction term was included if the results indicated a significant difference in the outcome variable between cohorts. A statistically significant interaction term indicates that the rate of change in DAS28 or HAQ scores with calendar year was different within each cohort of patients; and therefore there may be differences in the characteristics of patients within each cohort that may explain any changes observed in the outcome variable, rather than the passage of time. All variables within each regression model were subsequently standardized and the regressions were rerun to obtain the coefficients, enabling a graphic representation of the relationship between the independent and dependent variables.
All analyses were subsequently repeated in each subgroup (Tables 1-4 , Appendixes 1-4), including all patients with IP in the NOAR registry (total NOAR population), all patients with IP who were referred to NOAR by their GP, and all patients with IP who were DMARD naïve at baseline. All data analyses were conducted using STATA Version 11 26 . (Table 2) , and of these patients, 1136 were referred to NOAR by their GP (Table 3) ; 2064 were DMARD-naive at baseline (Table  4) . Similarly to the RA population, the proportion of patients who were anti-CCP-positive and/or RF-positive, and the proportion of patients who had been prescribed DMARD or steroid treatment prior to the baseline assessment, increased over time. The number of patients referred to NOAR directly by their GP (and the number of GP from whom direct referrals are taken) has decreased in more recent years. Within the GP referral subpopulation, the proportion of patients who were current smokers decreased over time, and the proportion of ex-smokers increased, whereas in the other subpopulations the proportion of smokers remained more stable over time.
RESULTS

Description
The relationship between calendar year and DAS28 scores. Unadjusted mean DAS28 scores at baseline decreased between Cohort 1 and Cohort 3, and increased slightly between Cohort 3 and Cohort 4, within all samples of patients assessed. A linear regression model was conducted as the DAS28 scores displayed a normal distribution. As the decrease in DAS28 scores with calendar year was nonlinear in all groups, a quadratic term for calendar year was included in the model. After adjusting for confounders, calendar year of presentation to NOAR was significantly associated with a decrease in DAS28 scores over time for To establish whether there were significant differences between cohorts, "Cohort" was added to each regression model. For the patients who met the ACR/EULAR 2010 RA Criteria, and the subpopulation of patients with IP who were DMARD-naive at baseline, there was a significant effect of "Cohort" on DAS28 scores, and the results indicated that patients in later cohorts had lower scores than patients in the earliest cohort. 
DISCUSSION
The main objective of our study was to examine the severity of RA and IP at the time of presentation to NOAR over 20 years. Within each population of patients assessed, baseline disease activity lessened over time. While the relationship was nonlinear, scores in the more recent cohorts were lower than those in the earliest cohort. The improvement in disease activity coincided with an increase in the earlier use of DMARD and steroids in the more recent cohorts. The rate of change in disease activity over time differed for the total population of patients with IP, and for the subpopulation of DMARD-naive IP patients, as indicated by the significant "Cohort by Calendar Year" interaction. This finding suggests that the baseline characteristics of patients may have differed between cohorts. Such differences may be attributable to changes in the recruitment strategy from GP with time. As indicated in Table 2 , patients referred to NOAR directly by the GP were a milder cohort of patients in comparison to those referred from the hospital clinics, and therefore changes in disease activity over time may have been less pronounced within the more recent cohorts. In contrast to disease activity, levels of functional disability for patients with RA, the total IP population, and the GP-referred IP subpopulation did not lessen over time. While levels of functional disability did decrease slightly over time for the DMARD-naive IP subpopulation, calendar year was not significantly associated with HAQ scores. Other differences in patients presenting to NOAR over time were also evident. Patients in the later cohorts were older at the time of symptom onset, and were more likely to be RF-positive and anti-CCP-positive, in comparison to patients in the earlier cohorts. Lastly, despite a decrease in the prevalence of smoking in the general population in more recent years 27 , the prevalence of smokers and ex-smokers did not change over time for patients with RA, which is consistent with smoking being a major risk factor for the onset of IP.
Similarly to the current study, Finckh, et al 18 compared patients presenting with RA who were recruited during the 1970s, 1980s, and 1990s and reported that patients in the more recent cohorts were older. However, patients in the later cohorts had shorter symptom duration, a finding not observed in the current study. In another consecutive observational study, Welsing, et al 19 reported that symptom duration and age did not change significantly, but as in the current study, decreases in disease activity and an increase in levels of functional disability were observed in patients in the most recent cohort. The findings of the current study conflict with previous studies, which observed an improve- 19, 20 . However, patients within these studies had more established disease in comparison to the current study.
Possible explanations for the decreased disease activity of RA over time within the current study include earlier referral to a rheumatologist and an earlier diagnosis of RA. The median delay from symptom onset to first rheumatology visit is estimated to be 23 weeks in the UK 28 (i.e., similar to the current study). Symptom duration at NOAR baseline assessment for patients with RA was similar between cohorts, although a greater proportion of patients in the later cohorts were referred from the hospital (i.e., incorporating any delay from GP referral to hospital attendance). Patients referred directly by the GP are a cohort with milder conditions. Thus, there may have been a shorter time between symptom onset and the initiation of DMARD treatment, with more aggressive treatment strategies being prescribed earlier in the disease course. Indeed, the proportion of patients who had been prescribed DMARD treatment prior to the baseline assessment increased over time from 15.5% (158/1022) in Cohort 1 to 52.9% (269/509) in Cohort 4. The proportion of patients who were prescribed steroids also increased over time from 8.3% (51/614) in Cohort 1 to 19.9% (61/307) in Cohort 2.
The benefits of early referral and treatment early in the disease course have been well documented 29 . The more intensive use of available drugs may also help explain the findings 30 . However, it is difficult to determine exactly how much of the improvement in baseline disease activity is attributable to earlier and more aggressive therapy. Even within the DMARD-naive group, the influence of an early treatment strategy may be seen remotely in that this subsample represents those patients whose disease was deemed by the GP or rheumatologist to be milder, and therefore less in need of early therapy. To learn whether results reflected a steroid effect, the same analyses were performed with the sample of patients who were DMARD-naive at baseline, and who had not had steroids prior to the baseline assessment, and similar results were found (data not shown). Lastly, the improvement in disease activity over time was small, and while this was statistically significant, it would be interesting to understand how clinically meaningful such an improvement is for patients.
However, while there is a recognized minimum clinical important difference (MCID) for HAQ scores, there is no recognized MCID for DAS28 scores.
One explanation why decreased disease activity is not 
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The Journal of on May 25, 2017 -Published by www.jrheum.org Downloaded from reflected in lower levels of functional disability is that functional disability was assessed by a patient-reported outcome measure. In more recent years, patients may have higher expectations when considering their health or be less able to adapt quickly to disability, which may have influenced their response. The concept of disability is multifaceted and is formed by bringing together illness, external support, risk factors, the need for lifestyle changes, psychosocial attributes and coping, and the environment 31, 32 . In the general population, a trend of decreased disability/general health has been observed 33, 34 . However, this trend was mainly seen in adults aged > 70 years, which some argue is due to older people having fewer comorbidities in more recent times. Overall, it seems that improvement in disease activity, and possibly fewer comorbidities, do not fully explain why no change in functional disability was observed. Another possible explanation is the link between morbid obesity (BMI ≥ 35) and functional disability in patients with IP 35 . Unfortunately, BMI was only measured in the last 2 cohorts. Patients in the most recent cohort were more likely to be morbidly obese than those in the cohort before. In addition, the calculation of the HAQ score includes an adjustment for use of aids and devices. People who have help or use a device get a higher score. It is possible that more patients in the later cohort used aids or devices and therefore had higher HAQ scores. Therefore, a sensitivity analysis using the 20-item HAQ scoring method (without adjustment for aids and devices) 36 was carried out (data not shown). Similar results were observed. Lastly, while HAQ scores improved for patients in the DMARD-naive IP subpopulation, calendar year was not significantly associated with HAQ scores.
Strengths of our study include controlling for the effect of potential confounders such as age at symptom onset, RF positivity, anti-CCP positivity, and sex, and the comparison of disease severity over time in patients presenting early in the disease course. Previous studies have been confined to hospital-based or clinic-based populations and/or only included patients with more established disease 21 . Such studies therefore have the potential for left-censorship. This study reports on a large sample of patients in comparison to previous studies which ranged from a total of 197 to 525 patients 8, 18, 19 . Our study was able to apply the 2010 criteria for RA retrospectively to patients because all the relevant information was collected at baseline. Lastly, Norfolk has a very stable population and a mix of both rural and urban areas, and there is a central referral system for patients with musculoskeletal symptoms to one secondary care provider. Additionally, a significant effort was made to ensure that all patients with IP newly presenting to primary care were reported to NOAR, including regular visits to GP practices. One potential limitation of our study was the inability to adjust for the effect that comorbidities may have had on results, because of differences in how this information was captured across each cohort over time.
The results of our study demonstrate that there have been some improvements in disease activity as assessed by clinical measures at the time of recruitment into NOAR. This may be partly due to earlier and more aggressive treatment regimes. However, levels of functional disability, as assessed by a patient-reported outcome measure, have not lessened over time. APPENDIX 1. Swollen and tender joint counts for the 4 cohorts within the total sample of patients with inflammatory polyarthritis. Cohort 1, 1990 Cohort 1, -1994 , Cohort 2, 1995 Cohort 2, -1999 
